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ract 
strength and deformation mechanisms in magnesium can be significantly affected
tropy, high strain rates, and pressure. In this study, pressure shear plate impact (PS
riments are conducted to measure the strength of extruded polycrystalline magnesium
ures varying from 5-10 GPa at a nominal strain rate of 105 s-1. The experimental techn
les to first shock load the material sample to the desired normal stress in one direction, 
 shear the material in a perpendicular direction. A recently developed hybrid analysis met
SPI experiments is used to extract the stress-strain curves of magnesium from the part
city records measured at the rear surface of the target. The PSPI experimental results reve
er twinning saturation at high pressures. To better understand the material behavior under
bined stress states in the PSPI experiments, the results were compared with that of a specim
rmed by a two-step process of quasi-static compression followed by dynamic shear loadin
ively low pressure. The two-stage loading at low pressure, and the calculation of tempera
in the PSPI experiment revealed that the combined effect of the reorientation and 
erature rise lower the flow strength of magnesium at high pressures under multiaxial load
troduction 
ls and their alloys with high specific strength are extremely desirable for advanced aerosp
motive, and defense applications. Magnesium alloys are lightweight structural materials w
cific strength that is higher than the commonly used lightweight materials such as alumin
titanium alloys. Also, there has been considerable interest in developing lightwe
esium alloys with better performance for the aforementioned applications. In applicat
lving blast and impact, the materials are subjected to extreme loading conditions, w
rate high pressures and strain rates. Therefore, understanding the deformation behavio
 materials under such loading conditions is vital to developing alloys with supe
rmance.  
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Journal Pre-proofagnesium has strong plastic anisotropy due to its hexagonal close-packed structure (HC
e have been several experimental studies at strain rates ranging from 10-4-104 s-1 to unders
eformation behavior of magnesium and its alloys [1–6]. It has been shown that pla
rmation in magnesium is accommodated through basal slip, non-basal slip, and twinn
l slip and extension twinning are found to occur during deformation since they have the low
al resolved shear stress (CRSS), ~0.5 and 5 MPa, respectively [7,8]. These mechanisms
inant in low rate experiments and appear to be rate-independent. In contrast, high CRSS (~
) prismatic slip is rate-dependent and plays a significant role in the strain rate-depend
vior of magnesium. These high rate studies are limited to the rate-dependence on the stren
agnesium, whereas in high speed impact loading conditions, the pressure may also hav
g influence on the strength. However, there have been only limited studies tow
rstanding the effect of pressure on the strength of materials. 
ecently, Turneaure et al. [9] performed shock and release experiments on magnesium si
als and showed that the twinning is not active during the c-axis compression. Renganatha
0] showed through a combination of experiments and numerical simulations that twinn
s in single-crystal magnesium when compressed along the a-axis. However, the stren
vior of magnesium at these pressures requires further exploration for developing ro
rial models in these loading regimes.  
he main experimental measurement techniques available to measure the strength of mater
gh pressures are based on lateral stress measurement using stress gages, shock rel
riments, and pressure shear plate impact experiments (PSPI). PSPI experiments 
ntageous over the other techniques because a complete stress-strain curve can be constru
 these experiments with high fidelity [11–15]. Millet et al. [16] conducted impact experim
easure strength in AZ61 magnesium alloy using the lateral gage measurement technique 
ed that the flow strength increases from 230 MPa to 1.2 GPa when pressure increases fro
 to 7 GPa. Recent PSPI experiments conducted on AZ31B magnesium alloy explored
iaxial stress behavior and showed a shear strength close to 180 MPa at 3.8 GPa pressure [
results of this investigation deduced from the postmortem studies showed that signifi
sion twinning and reorientation of the crystals occur in the material during loading. Un
me loading conditions, magnesium has very complex deformation mechanisms 
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Journal Pre-proofrstanding them require further investigation in the higher-pressure regime. In this stu
riments are conducted using the PSPI technique at pressures ranging from 5 to 10 GP
rstand the effect of multiaxial loading and pressure on the strength behavior. 
aterials and methods 
sure shear plate experiments were conducted using a powder gun with a keyed barrel, w
.7-mm in bore diameter and 3-m in length. Detailed information on the experimental fac
be found in [18]. In this study, we adopt two different PSPI configurations involv
etric plate impact of sandwiched (Fig. 1a) and symmetric anvil plate configurations (Fig.
vestigate the strength of pure magnesium. 
 
 
re 1. a) PSPI sandwich configuration, b) PSPI symmetric impact configuration
ostructure, crystal orientation, and the loading directions for magnesium, d) distance-time
gram of the sandwich configuration PSPI experiment. 
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Journal Pre-proofn PSPI experiments, the flyer is skewed with the horizontal axis of the gun barrel to gene
 normal and shear waves upon impact.  In the sandwiched plate configuration, a 
esium sample is placed between the front and rear anvil plates (Fig.1a). The impedanc
nvil plates is usually higher than that of the sample in a sandwich configuration. During
le preparation phase, the anvil plates and samples are lapped flat to within 1.65 m
ated by three or less circular Fizeau interference fringes using a 550-monochromatic l
ce. The flyer and target assemblies are initially aligned using an autocollimator and flat mi
bly to initially set the tilt angle below impact faces at well-below 1-milliradian (0.057o)
he distance-time (X-t) diagram of the experiment shown in Fig.1d illustrates the wave load
ry of the sample. The impact occurring at t=0 µs, generates both normal and shear wave
ront anvil plate, as shown in Fig.1d. Since the shear wave is slower than the longitud
al) wave, the sample is initially swept by the normal wave and compressed. The nor
 reverberates within the lower impedance sample, and the normal stress equilibrates to
ed value before the arrival of the shear wave. The dimensions of the target assembly
en using the X-t diagram. Wave arrival calculations are based on the elastic wave speed
nvil plates (shown in Table 1). The normal wave traverses through the sample and arrive
ree surface of the rear anvil plate at approximately 0.95 µs. The normal wave is reflected b
rds the sample as an unloading wave. The shear wave arrives in the sample at approxima
 µs and continues to shear the sample at constant pressure until the normal unloading w
es from the rear surface at 1.54 µs. The 1 µs interval between the arrival of the shear 
ading waves is herein referred to as the shear-window. During this interval, the sam
rgoes significant shearing deformation, and this information propagates to the free surfac
ear anvil plate, where PDV and HTV interferometers record the normal and transverse part
city profiles [19]. In addition to the normal and shear waves, lateral release waves
rated from the circular boundaries of the front anvil plates upon impact. The release wa
agate diagonally toward the center of the sample at the longitudinal wave speed and ultima
 the duration of the measurement. In the current experimental design, the arrival of the lat
se wave at 2.73 µs after the impact ensures a state of simple shear at constant pressure for
tion of the shear-window. The strength of the sample at the designed pressures is inferred f
article velocity profiles recorded during this time. Particle velocity data recorded after
al of the lateral release wave is not used in the strength calculation. 
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Journal Pre-proofonventionally, the sandwiched-anvil PSPI experiments are conducted using elastic anvi
ively low pressures [20]. This approach enables a straightforward calculation of the sh
s-strain curve of the sample using the elastic impedance of the anvils. However, at press
eding the Hugoniot elastic limit (HEL) of these anvil materials, elastic analysis is no lon
. Therefore, a recently developed simulation-based methodology is required to construct
s-strain behavior of the material [21]. In this method, a material model is first calibrated
nvil plates at similar pressures and strain rates using the symmetric PSPI configuration sh
g. 1b and numerical simulation. The present study uses D2 tool steel (McMaster Carr, 
eles, CA) as the anvil material. Two symmetric PSPI experiments were conducted on a
s to calibrate a material model for the D2 tool steel. The skew angle (θ) of 18 was chosen
e experiments. The dimensions of the anvil plates and the samples are shown in Table 2.
eceived extruded polycrystalline magnesium samples of 99.99% purity obtained from
dfellow Corporation were used in this study. The microstructure of the sample is show
1c and the average grain size was measured to be 68 µm. For the pressure shear experime
les of 30 mm diameter and 2 mm thickness are first extracted from a 50 mm diameter cylin
e samples are lapped down to 300±1 µm thickness. This specific thickness was chose
re that there are at least three crystals along the thickness direction to be roughly
sentative volume of the material. It is well-known that the extruded sample has a str
re with the c-axis aligned in the radial direction, as shown in Fig. 1c [1,22]. In the P
riments, the normal loading was applied along the extrusion direction (ED), wh
sponds to a-axis compression of single-crystal magnesium. The shearing was applied al
adial direction (RD), as depicted in Fig. 1c. Table 1 shows the density and elastic wave spe
e materials used in the present work. 
Table 1. Density and wave speeds in the anvil plates and sample 
Material Longitudinal wave 
speed (m/s) 
Shear wave 
speed (m/s) 
Density 
(kg/m3) 
D2-tool steel 5,860 3,120 7,900 
Magnesium 5,840 3,050 1,740 Jo
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Journal Pre-proofesults and Discussion 
impact conditions, physical dimensions of the anvils, and samples for all the experim
ucted in this study are shown in Table 2. The first set of experiments were conducte
cterize the D2 tool anvils using the symmetric PSPI loading configuration (Fig. 1b). 
nd set of experiments using the sandwich configuration (Fig. 1a) was conducted
esium to measure the strength of these samples. 
Table 2. Summary of the experiments and the dimensions of the flyer, anvil, and sample 
eriment  
Impact 
velocity 
(V0) 
(m/s) 
Skew 
angle (θ) 
(degree) 
Flyer 
Plate* 
(mm) 
Front 
anvil* 
(mm) 
Rear 
anvil**
(mm) 
Anvil  
Magnesium 
sample 
thickness** 
(mm) 
Ti
(mr
metric  539 18 5.47 3.98 - D2 steel - 0.4
metric  645 18 6.49 3.96 - D2 steel - 0.3
dwich  298 18 5.78 1.54 3.7 D2 steel 0.297 0.6
dwich  545 18 5.74 1.58 3.7 D2 steel 0.300 0.6
eter of the flyer and front anvil plates is 34 mm for symmetric PSPI and sandwich P
riments. **diameter of the rear anvil plate and the sample is 30 mm. 
Anvil tool steel material model calibration 
free surface normal and transverse particle velocity profiles for the two symmetric plate im
riments conducted at 539 m/s and 645 m/s are shown in Fig. 2a. The experimental velo
les are shifted in time for clear visualization. Corresponding normal and transverse part
city components for the PSPI experiment conducted at impact velocity 539 m/s (V0) are 
V0cosθ) and 166.5 m/s (V0sinθ), respectively. For the second experiment conducted at im
city 645 m/s (V0), the normal and transverse velocities are 613 m/s (V0cosθ) and 199 
inθ), respectively. In both experiments, the measured free surface normal velocity prof
ly approach the value of the normal velocity component, as expected, in the case of symme
ct experiments. The normal stress in the sample is close to 10 GPa for the experim
ucted at 539 m/s (V0) and 12 GPa for the second experiment conducted at 645 m/s (V0). 
al free surface particle velocity profile shows the typical shock behavior of elastic-pla
rials [23]. The normal velocity corresponding to the HEL of the D2 tool steel is close to
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Journal Pre-proofIn both the experiments, the HEL (~ 1.6 GPa) is close to 70 m/s, indicating the robustn
eliability of the measurements. The transverse profile shows relatively linear behavior in ti
en in Fig. 2a. This feature is mainly due to the dissipation of the shear wave as it tra
gh the plastically deforming target plate [18]. 
re 2. Symmetric experiments on D2 steel at 539 m/s and 645 m/s: a) comparison of nor
transverse free surface velocities - experimental vs. simulations, b) D2 strength model 
tion of state (EoS) in the numerical simulations with the corresponding calibrated parame
he numerical simulations in this study are performed using the finite element softw
us [24], modeling the 3-dimensional geometry of the sample assemblies. The inter
een the flyer and front plate is modeled using a contact surface with a high friction value. T
s for the actual impact to occur (accounting also for experimentally measured tilt va
een the flyer and target) without the possibility of slip when the plates come in contact. 
s on the sample interfaces are tied to the nodes on the front and rear anvil plates. In orde
re the shock rise time, an element size of 25 µm was found to be optimal for achiev
erged results.  
he strength of the material is calibrated using a power-law strain hardening and the Cow
onds strain rate hardening models, as shown for the flow stress equation in Fig. 2b. 
metric behavior of the material is modeled using a linear Grüneisen equation of state (E
 The parameters for the strength model are systematically varied until the best match to b
1
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p
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Journal Pre-prooformal and transverse velocity profiles from the experiments is obtained. The final matc
les, along with the calibrated parameters obtained from the simulation are shown in Fig. 
Free surface particle velocity profiles for magnesium sandwich experiments 
sured free surface normal and transverse velocities corresponding to impact speeds of 298
45 m/s from experiments conducted on magnesium using the sandwiched anvil configura
 1a) are shown in Fig. 3. The corresponding pressures for the two experiments are 5.6 
0.5 GPa, respectively. Interestingly, the shearing rates for both the experiments are clos
105 s-1 despite the difference in the imposed transverse velocities. The normal velocity pro
s very similar behavior, as observed in the symmetric steel experiments (Fig. 2a). During
al shock, the steel anvils undergo plastic deformation (1.5 % at 5 GPa and 3.5 % at 10 G
ence, the normal behavior of the thin sample does not substantially affect the normal velo
le. However, the transverse velocity profile is distinctly different from that observed in
etric steel experiments and reflects the strength of the magnesium sample sandwic
een the anvil plates. It is noted, in both experiments, the transverse velocity profile is initi
tive. The reason for this behavior is addressed later. In the lower impact velocity experim
 m/s), the transverse velocity profile shows the sigmoidal characteristic, whereas, at hig
ct velocity (545 m/s), relatively linear response is observed.  
re 3. Normal and transverse velocity profiles for the pressure shear plate impact experim
agnesium at impact velocities of 298 m/s and 545 m/s along with corresponding results f
erged simulations. The solid lines are the experimental results and the dashed lines are res
 simulations. 
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Journal Pre-proofvolumetric behavior of magnesium is modeled using a linear Grüneisen equation of s
). Parameters for the Us-Up relation is obtained from [25]. The strength model 
esium used in the simulations includes the Cowper-Symonds strain rate hardening func
n isotropic strain hardening function, as shown in Eq. (1). The strain hardening function
esium includes besides the linear term, an additional exponential term to account for
oidal behavior observed in the experiments. The linear hardening term is used to capture
 behavior after initial yielding, which is controlled by twinning and prismatic slip. After
ning is exhausted, the stress-strain curve transitions to a steeper behavior, which is poss
rolled by pyramidal slip due to hard orientations which result from the reorientation of
als as a result of twinning. This behavior is strongly dependent on pressure, as explai
er. The strain hardening behavior (expressed with parameters B and C) is changed to ad
ressure dependence of the complex strain hardening evolution between the two pressu
h is not included explicitly in the model. For the final parameters shown in Table 3, the nor
transverse velocity profiles from the simulations matched quite well with the experiment
ured profiles. It is noted, a single set of parameters could not predict the behavior because
ure dependence of yield strength is not included. Therefore, the parameters of the model
 changed accordingly to match the velocity profile observed in the study. For the hig
ct velocity experiment, a strain-based failure criteria (no strength at a critical strain) with
al strain set at 0.15 was needed to match the measured drop in the transverse velocity. 
1
exp 1 1
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p p
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Table:3 Fitted model parameters (Eq. (1)) for magnesium 
eriment A (MPa) B (MPa) C (Pa) a D       (1/s) p 
6 GPa 42 .1 500 900 0.01 500 1000 2 
.5 GPa 42.1 1400 60 0.01 500 1000 2 
nderstand the linear transverse velocity profile in the 10.5 GPa experiment, the normal st
0/ρ, ρ0 initial d nsity, ρ d nsity a t   comp  ssion) induc d by th  no mal shock is calcul
 the Hugoniot data available for magnesium [25]. It is noted that at 5.6 GPa, the normal st
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Journal Pre-proof.11 before the shear wave arrives, whereas, at 10.6 GPa, the shock generates a normal st
6 due to the high compressibility of magnesium. This observation indicates that at 10.5 G
ormal shock could exhaust most of the twinning before the shear wave arrives. To estim
olume fraction of twinning during normal compression before the shear wave arrives,
oach developed by Johnson et al. [26] is used. The volume fraction of twinning is given b
e, the model parameters RT =2 µs, 0 = 6 MPa, m=3 are obtained from Renganathan et al. [
resolved shear stress ( ) was calculated from the normal and lateral stresses in the sam
ined from the numerical simulation. The volume fraction of twinning was calculated to
 at 5.6 GPa. The critical pressure at which the twinning saturation occurs was calculated t
Pa, lower than the 10.5 GPa of the higher velocity impact experiment. However, 
esting to note that these equations do not account for the pressure dependence of the twinn
ation. Xu et al., have shown that the nucleation stress for twinning increases with pres
 Therefore, the twinning saturation calculated with this analytical formulation [26] may
curate and needs to be used with caution in the high-pressure regime. 
o investigate the initial negative dip in the transverse velocity in both the experiments,
 is tilted with respect to the front anvil in the 3D numerical simulation of the experiment. 
nd the relative orientation between impacted plates in the simulations correspond to the
e and orientation between the flyer and target plates obtained from the experiments. 
rved in Fig. 3, the 3D numerical simulation with tilt captures the dip in the transverse veloc
tilt does not affect the peak transverse velocity; therefore, the effect of tilt can be neglecte
trength calculations. 
Equivalent stress-strain curve and temperature rise 
equivalent stress-strain curve (Fig. 4a) was constructed by matching the normal and transv
city profiles from the PSPI experiments. The stress-strain curve obtained using the s
kinson (Kolsky) pressure bar (SHPB) technique is also shown to compare with the str
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Journal Pre-proofn behavior of the material at nominally without any pressure (<0.1 GPa). Note that
pression was performed along the ED direction, and the strain rate in the SHPB experim
~2.0×103 s-1, two orders of magnitude lower than the strain rate in the PSPI experiments.
re 4. a) True stress-strain curve at 10.5 GPa, 5.6 GPa, and <0.1 GPa (SHPB) experiments
lated temperature in the sample due to the quasi-isentropic compression of the sample. 
quivalent stress-strain behavior at pressures of 5.6 GPa and 10.5 GPa shows the character
oidal stress-strain behavior observed in magnesium when the compression loading
rmed along the ED of the material [1]. This sigmoidal shape is associated with the pro
sion twinning in the sample. Renganathan et al. [10] showed that deformation in pure sin
al magnesium is accommodated through prismatic slip and extension twinning when shoc
g the a-axis. In the present study, the compression occurs along the ED direction, whic
 to the a-axis compression since the c-axis is aligned along the RD in extruded magnesi
 characteristics of the stress-strain curves are noteworthy. 1) a steeper strain harden
nse at 10.5 GPa compared to the 5.6 GPa experiment, and 2) the upturn (marked as U) in
s-strain curve seems to be delayed at high pressures. The initial hardening region, in
ning, is mainly attributed to the extension twinning, basal slip, and prismatic slip in
rial. After the upturn, the stress-strain curve mostly corresponds to slip domin
rmation of the material. The upturn in the stress-strain curve corresponds to the saturatio
sion twinning and indicates that at higher pressures and strain rates the twinning satura
layed.  It is further evident when comparing it with the stress-strain curve obtained from
pression along ED direction of a 4 mm cubic sample in SHPB experiment in which
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Journal Pre-proofation occurs at an axial strain of around 0.06. Whereas, in the high pressure PSPI experime
 upturns correspond to the equivalent strain of 0.08 and 0.12. Also, the strength at a gi
n at 10.5 GPa is higher compared to the experiment at 5.6 GPa. For both the PSPI experime
escribed before, the shearing strain rate is nominally the same; therefore, the obser
gthening behavior is solely a function of pressure (pressure hardening).  
t is important to note that the strength observed in the low-pressure SHPB experimen
er than that in the high-pressure experiments. Zhao et al. [18] also noted similar behavio
xperiments performed using pressure shear plate experiments on AZ31B magnesium a
ttributed it to the anisotropic behavior of the material.  There can be two possible causes
 behavior. The first is the temperature softening resulting from the temperature rise associ
 the normal shock and shear deformation of the sample. The second is the reorientation of
als as a result of twinning due to the normal shock that occurs prior to the shearing of
le.  
eal-time temperature measurement in PSPI experiments would be ideal for estimating
al softening but technically challenging due to the short time scales (~s) of the experime
ever, the temperature rise can be estimated based on the analysis developed in [14]. 
erature increase in the PSPI experiments has contributions from both the shear deforma
the normal shock. In the PSPI experiments, the final pressure is achieved after mult
berations within the sample, and the loading path is close to quasi-isentropic compress
efore, a conventional temperature rise calculation based on the entropy generation as a re
e shock jump is not required. In this study, the temperature rise due to the shear deforma
lculated based on Eq. (2) and the temperature rise due to normal shock is calculated based
3) [14]. The temperature rises due to deformation for the two experiments at 5.6 and 10.5 G
stimated to be ~ 8 K and ~16 K, respectively. The estimated temperature rise in th
riments is close to the measured temperature in the dynamic compression of pure magnes
This rise in temperature is relatively small compared to the melting point (923 K) of
le. 
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Journal Pre-proofe β 0.9, assuming 90 % o  th  plastic work is converted to heat, pressure-depend
metric thermal expansion coefficient, exp( )a mP  , a=7×10-5 K-1, m=0.021 GPa-1, 
erature, P is pressure, and ρ0 is the initial density of the material. Specific heat, C
+0.446T) J/kg [28].  
 simple ordinary differential equation is solved using a 4th order Runge-Kutta metho
late the temperature rise due to the initial period of loading where the sample undergoes o
pression from the normal shock. The specific heat as a function temperature and the volume
al expansion coefficient as a function of pressure is used, and the details are show
endix 1. The temperature increase due to the normal compression is shown in Fig. 4b. 
lated temperature increase due to the initial compression for the experiments at 5.6 and 1
 was calculated to be 50 K and 106 K, respectively. It is important to note that the flow stren
agnesium is highly temperature dependent. It was seen that when the temperature incre
 298 K to 398 K, the peak flow stress of magnesium at a strain rate of 4000 /s decreases f
MPa to 275 MPa, a 20% reduction in strength [29]. Also, it was observed that the volu
ion of twinning reduces from 0.4 to 0.3 when the temperature increases from 298 K to 39
 which is due to the reduction in CRSS of prismatic slip. Therefore, the delayed satura
rved at high pressures is possibly due to the temperature rise and the following transforma
e twinning dominated to the combined prismatic slip and twinning mechanisms. 
Two-stage loading of the sample: Anisotropic response 
cond possibility is the anisotropic response of the material as a result of the reorientatio
rystals when the normal shock propagates along the RD direction (favorable for twinni
 et al. [31] showed that when the shock compression applied along 〈101̅0〉, the cry
ents with the new c-axis at 86.30 with the old c-axis. This new c-axis was nearly paralle
oading axis as shown in Fig. 5a. When the crystal is compressed along the 〈102̅0〉, the c-
ents similarly, but the new c-axis is oriented at 300 with the loading direction.  In the P
riments, both of these mechanisms are active due to the strong texture of the material, wh
vorable for such deformation during the normal compression. This reorientation enables 
S basal slip to be predominantly active along with prismatic slip.  
Temperature rise due to normal shock, 
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Journal Pre-proofxperiments are conducted in a similar loading pattern as in the PSPI experiment to investi
possibility. First, the extruded samples are compressed along the ED to 16% of the nor
n using universal materials testing machine, see Fig. 5a. This loading saturates the twinn
e material, and the crystals reorient its c-axis along the ED. A modified hat specimen, nam
aped samples developed by Arab et al. [32] is extracted from the cylinder. In the S-sha
imen, the shearing direction is aligned along RD. The dimensions of the sample, shea
n, and the shearing area are shown in Fig. 5a. Complete details of the analysis to extract
s-strain curve can be found in [32]. The samples are loaded using a conventional s
kinson pressure bar with in situ strain measurement using high-speed digital image correla
4]. The conventional one-dimensional wave analysis is applied to calculate the shearing fo
 The engineering shear stress in the sample is calculated using the measured shear force
hearing area. The shearing strain is obtained from high-speed camera images using the dig
e correlation (DIC) technique. The evolution of the shearing deformation is shown in Fig
shearing rate for the experiments is ~4200 /s. 
re 5. a) Reorientation of the crystal due to twinning, schematic of the pre-compression 
entation, and dimensions of the S-shaped sample, b) local shear strain evolution in the gJo
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Journal Pre-proofon during dynamic compression using SHPB, c) shear stress-shear strain curve for the pris
re-compression) and pre-compressed (16%) samples. 
igure 5c shows the shear stress-shear strain curve obtained for the pre-compressed 
ine (no pre-compression) samples. The pre-compressed sample shows a distinct response w
 reduction in strength compared to the pristine sample at an applied shear strain of ~0.12. 
 that the reorientation of the crystal has a significant effect on the strength under multia
ing conditions. It is noted here, for the crystal that is reoriented along the shock direction 
rgo predominantly basal slip and twinning with a small fraction of deforma
mmodated by other deformation mechanisms such as prismatic slip. The crystal reoriente
nd 300 with the loading axes will be favorable for combined prismatic slip and basal 
rmation mechanisms [36]. 
In the SHPB compression experiment on the cubic sample, the load is applied in the s
tion for the entire duration, thus, after the saturation of the twinning, the hard orientation
rystals cause the prismatic and the pyramidal slip to be activated. This causes relatively fa
ning saturation and the subsequent hardening.  In contrast, in the PSPI experiments, after
al shock passes, the shear wave loading has a new orientation which is favorable for the ea
l slip and possible twinning. In addition, the temperature increase due to the normal sh
ts in reduction of the CRSS for the prismatic slip which delays the twinning saturation. 
th of these mechanisms, the strength appears to be lower under combined normal and sh
ing. However, when comparing the strength between the two PSPI experiments where
les undergo very similar reorientation and loading, the strength is seen to be strongly affe
e pressure. 
mmary and conclusion 
mechanics and mechanisms of the deformation of pure magnesium at high pressures and st
 is explored. In this study, pressure shear plate experiments are conducted to understand
t of pressure on the strength of magnesium. A new simulation-based methodolog
emented to extract the stress-strain behavior of the magnesium at high pressures. W
pared to the SHPB data at lower rates, the strength measured in PSPI experiment is sma
o-stage compression experiment revealed that the reorientation of the crystal due to the nor
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endix-1 
volumetric thermal expansion as a function of pressure was calculated based on the equa
n below [37],  
(
𝜌
𝜌𝑜
)
𝛿
  
e  and  are the volumetric thermal expansion coefficients at densities,  and
ctively, and  is the Anderson coefficient. Ratio of the densities can be found in [25]. U
4), the variation of the volumetric thermal expansion coefficient as a function of pressure
lculated and is shown in Fig. 6. The fitted function is 𝛼 = 𝑎𝐸𝑥𝑝(𝑚𝑃). The coefficients, a
e shown in the figure. 
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